The melting behavior of a homologous series is described in terms of the melting of the parent molecule and of the polymer the series eventually forms. For those series characterized by a parent melting below the melting temperature of the related polymer, the melting behavior can be described quantitatively by the hyperbolic function
Introduction
The melting temperature of a crystalline substance is a fundamental physical property of the material. The study of the behavior of melting as a function of structure has been of perennial interest. 1 A number of studies have demonstrated that the melting temperature of linear molecules is not an additive property but one that does vary in a continuous fashion with structure. Theories of the dependence of melting on molecular weight for linear molecules, particularly as applied to polymers, have been developed by Flory 2, 3 and others. 4, 5 Several different relationships have been derived to correlate the melting behavior of the even n-alkanes shown in Figure 1 . 6, 7 The development of a general protocol for the estimation of melting temperatures has proven to be elusive. Recent efforts by Yalkowsky et al. [8] [9] [10] using several different approaches that have included relationships between boiling and melting temperatures and modifications of Walden's Rule have yielded estimates with standard errors of approximately (30 K. Katritzky and co-workers 11 have published quantitative structure-property relationship studies in which the melting temperatures of 142 substituted pyridines were correlated with six molecular descriptors with a correlation of r 2 ) 0.8568. Efforts to find correlations between melting temperature and properties such as crystal density or packing energy have not proven very successful. 12 This work describes the melting behavior observed for a variety of different compounds examined as a collection of molecules in a homologous series. It proposes some simple equations that can be used to successfully reproduce the melting behavior of each series. In addition, a simple protocol is proposed that will provide reasonably good estimates of the melting behavior of the remaining members of the series when data for only a few members of the series are available. The method appears generally applicable to series differing widely in structure and in melting behavior. 
Sources of Data
The melting data used in this study were obtained from a variety of sources. The major sources of data for each series reported are cited in the footnotes of Tables 1-3. A  supplementary table is also available. Melting temperatures for a few individual compounds have been obtained from texbooks 13 and some of the commercial catalogs. 14, 15 The TRC Thermodynamic Tables 16 also provided a significant amount of experimental melting data. A reviewer has pointed out that some of the information in the TRC Thermodynamic Tables, specifically melting temperatures for compounds containing between 20 and 40 carbon atoms in the alkyl portion of the molecule, may not be experimental. Data taken from these tables in this carbon range were not used unless referenced to the original literature. It should also be noted that there are wide discrepancies in the uncertainties associated with the data set. The nonlinear least-squares calculations described below are unweighted, and it should not be expected that melting temperatures calculated in this way lie within the uncertainty limits of the better data.
Modeling the Melting Temperatures of a Homologous Series
The model that is proposed to estimate the melting of a homologous series of compounds is derived from observations of the melting behavior of the n-alkanes. The data reported in Figure 1 summarize the behavior observed for the even n-alkanes. A similar relationship is observed for the odd numbered n-alkanes as well (graph not shown). This odd-even alternation in melting behavior and in other physical properties in the n-alkanes is well-known. The segregation of compounds into even and odd numbered carbon chains is the first step in the protocol that is described below. The model we propose assumes that the melting behavior of any homologous series will mimic the curve shown in Figure 1 and will hyperbolically approach the melting temperature of the polymer that the series most closely resembles. This applies to any homologous series of molecules characterized by the same symmetry number. In the case of the n-alkanes, the melting should approach the melting temperature of polyethylene, T f (∞) ) 415 K, as the limiting value. Melting data of monomers and oligomers related to other polymers are more limited, but the data available for polyfluorinated alkanes, a limited series of polyoxyalkanes, polyalkoxyesters, and polyamides related to Nylon 6, appear to support this behavior. This is discussed below in more detail.
A. Series Related to Polyethylene with Parents Melting below 411.3 K. The hyperbolic behavior observed in the melting of the even n-alkanes in Figure 1 can be modeled successfully by noting that if the following function is plotted against the number of methylene groups (n), a straight line is obtained as shown in Figure 2 for the compounds of Figure 1 . The terms T f (n) and T f (∞) in this function represent the melting temperature of the compound with an even number of methylene groups and the melting temperature of the crystalline polymer, polyethylene, respectively. Similar behavior characterized by a different slope and intercept is observed for the n-alkanes containing an odd number of methylene groups. This linear behavior defines an analytical relationship between the melting of each member of a series T f (n), the melting of the related polymer T f (∞), and the number of repeat units of the oligomer n. This relationship is expressed as eq 1, where the m and b terms represent the slope and intercept of the straight line, respectively.
The variables m and b for each correlation described below were obtained by a nonlinear least-squares fit of the 
melting temperature data as a function of the number of repeat units according to eq 1. In the initial fitting of the data in Figure 1 , the quality of the fit was found to be sensitive to the choice of T f (∞) that was used. The value found to give the best fit to the even n-alkane data was 411.3 K. This value was derived from the melting behavior of the even n-alkanes by minimizing the error observed between calculated and experimental values. It has been used in all subsequent calculations calling for the melting temperature of polyethylene unless noted otherwise. The solid line of Figure 1 was calculated with the aid of eq 1.
Values for the variables m and b obtained by the nonlinear least-squares fit are provided in the fifth and sixth column of Table 1 . Parent compounds are defined for many series as the compound with either one (odd series) or two methylene groups (even series, Table 1 ); in a more general context they are defined as the compound with either one (o) or two repeat units (e). Unlike the even n-alkanes of Figure  2 , some initial curvature from a straight line is generally observed in the plot of 1/(1 -T f (n)/T f (∞)) against n for the first two members of many homologous series. Curvature in both directions from the straight line has been observed. This curvature may become more pronounced as the melting temperature of the parent compound of a series increases. As a consequence of this curvature, the melting temperatures of the parent and the first member of both the even and odd numbered series have been excluded from all the nonlinear regression analyses used to calculate the variables m and b. Figure 3 illustrates the typical melting behavior observed for various series characterized by parent compounds melting below 411.3 K. The symbols represent experimental data while the lines are calculated from the nonlinear regression analysis.
The results of fitting eq 1 to a wide variety of different homologous series with parents melting below 411.3 K are given in Table 1 . The generic name of the series is provided in the first column of the table. This is followed by the name of the first available member of the series in column 2; the corresponding melting temperature of this material is provided in the third column. The fourth column defines the nature of the series as either even (e) or odd (o) on the basis of the number of repeat units, n. The fifth, sixth, and seventh columns provide a description of the variables m and b and the correlation coefficient (r 2 ) derived from the nonlinear least-squares fit. The standard deviation associated with the differences between experimental and calculated results and the total number of data points, n T , used to establish each correlation are listed in the last two columns, respectively. Parent compounds melting close to 411.3 K are discussed below.
As noted above, curvature is often observed in the first few members of each series. In an effort to correct for this curvature, a second function, selected to reproduce the melting temperature of the parent and then decay exponentially as a function of n, was used to provide some correction to the first few members of each series. The function f(n) is defined as where and n 0 represents the number of repeat groups of the parent of the series and |∆A 0 | represents the absolute value of the difference between A 0 calculated from the experimental melting of the parent, A 0 , expt , and A 0 calculated from the correlation, A 0 , calc (eq 3). The function f(n) was designed to decrease rapidly with increasing values of n. The melting of the remaining members of the series was then calculated from eq 1, adjusted as follows: or In instances when ∆A 0 was positive, f(n) was added to the value of mn + b (eq 4), and in cases when the term was negative, the value was subtracted from it (eq 5). The solid lines shown in Figure 3 were calculated using eqs 4 and 5. Equations 4 and 5 were used in reproducing the melting temperatures of all the parent compounds listed in Table  1 melting up to 390 K, unless indicated otherwise in the tables. Their use usually resulted in an improvement in the fit of the first few members of the series. If the melting temperature of the parent compound in the series is unknown, any compound can be chosen as the parent. In these instances the ∆A 0 correction is usually small and can be neglected. Equation 4 or 5 was not used in a few cases when the function, f(n), did not decay exponentially with increasing n. In these cases the parent compound was excluded from all correlations and no corrections were applied.
Prediction of the melting temperatures of series with parents melting near 411 K is problematic. Equations 1, 4, and 5 are not well behaved near their asymptotes. In most of these cases the experimental melting temperature first drops below 411 K and then begins a gradual ascent toward this value. The melting of a limited number of the even series of N-( -naphthyl)alkanamides and the odd series of 1,ω-alkanedioic acids listed in Table 1 was modeled using eq 1 in the following manner. The melting temperatures of the first few members of each series were ignored until the melting temperatures began to increase 
as a function of n. Equation 1 was then used to model melting of the remaining members of the series. Table 1 has been divided into sections in order to highlight several features of the correlations observed. Section A provides a summary of the results obtained for the hydrocarbon series examined. The fit obtained for all these series is quite good. The results suggest that, regardless of the type of alkyl substitution or its location, eqs 1, 4, and 5 will model the melting of the corresponding homologous series effectively. In all these cases, the correlations are applicable to compounds with the same symmetry number. 17 Currently, there are no examples of series with 1,ω-dialkyl substitution; results obtained with other functional groups suggest that these equations will also work here as well.
The results observed for cycloalkanes are summarized in Table 1B . With the exception of a few of the small to medium sized rings, cycloalkanes surprisingly show a reasonably good correlation. A plot of the experimental melting temperatures versus the number of methylene groups is shown in Figure 4 . In this case both the even and odd series were combined. The solid line represents the calculated value using eq 1; the variables m and b for this fit are given in Table 1 . Apparently, as the ring becomes large enough, the methylene groups are sufficiently flexible to mimic the behavior of their acyclic analogues. The cycloalkanes, however, give the poorest correlation of any series tested. This is mainly a consequence of melting anomalies observed in the small to medium sized rings. The symmetry numbers of members of this series vary. Various reasons for these anomalies are discussed below.
The results obtained for alkanes functionalized at terminal positions with a variety of different functional groups are summarized in Table 1C . The melting of these compounds is fit using eqs 4 and 5. Most of these compounds are substituted only at one terminal position. As is suggested by the results provided by the 1,ω-dihydroxyalkanes, the last two entries in this section of the Section D of Table 1 summarizes the results obtained by examining symmetrically di-and trisubstituted functional groups. The reasonably good correlations observed for symmetrically substituted ethers, secondary amines, and particularly tertiary amines and symmetrically substituted 1,3-di-and 1,2,3-triglycerides, in view of the presence of branching, were surprising and somewhat unexpected. These results suggest that the melting behavior of both symmetrically and unsymmetrically branched series could be correlated, provided the size of the groups was varied in a uniform manner. The correlations observed for the even series of symmetrically substituted saturated triglycerides provide some additional insight into the origin of the correlations observed. The sym-triglycerides containing fatty acids with 10 to 22 carbons each crystallize in three different polymorphic forms, an R form, a ′ form, and a form; the latter is the most stable thermodynamically. 18 The R form of each member of the series is favored kinetically and forms a loosely packed hexagonal crystal structure. The ′ form (of intermediate stability) crystallizes in an orthorhombic structure, and the most stable form, characterized by the highest melting temperature, crystallizes in a triclinic crystal structure. Melting of the polymorphs of each series is successfully modeled by eq 1, as illustrated in Figure 5 . Each polymorphic form packs similarly in the crystal, suggesting that similarity in crystal packing may be an important structural factor responsible for the correlations observed. Other even and/or odd series are known to show similar packing behavior within each series. These include the n-alkanes and some of the other series listed as functionalized alkanes in Table 1 . 19 Differences in packing between members of a series may also be responsible for the anomalous melting behavior observed by some of the small to medium sized cycloalkanes.
A total of 832 compounds were used to generate the slopes and intercepts included in Table 1 . The standard deviation associated with differences between experimental and calculated melting temperatures of each series excluding the parent is provided in the eighth column of Table 1 for each entry. Even with the f(n) correction, the standard deviation was usually dominated by the uncertainty in the fit of the first few members of the series. The last column of Table 1 provides the number of data points available for each series. If all of the compounds are included in the correlation, the fit was characterized by a standard deviation of (6.1 K. Removal of the cycloalkanes from the database reduces the standard deviation of the remaining 796 compounds to (4.1 K.
B. Series Related to Polyethylene with Parents Melting above 411.3 K. According to the model proposed above, in cases where the melting temperature of the parent exceeds the melting temperature of polyethylene, melting of each member of the series should decrease as the number of repeat units, n, increases. In these cases, the melting temperature should continue to decrease systematically, approaching the value of 411.3 K asymptotically. Ideally, the melting behavior of such a series should bear a mirror image resemblance to the behavior observed for the n-alkanes. Melting of these compounds should therefore be modeled by a decreasing hyperbolic function, adjusted to asymptotically approach 411.3 K as a minimum.
From the limited amount of data examined, we have found series with parent compounds melting above 500 K can be characterized by such a function. A plot of 1/[1 -T f (∞)/T f (n)] versus the number of methylene groups in the molecule also results in a linear correlation. The use of 411.3 K for T f (∞) works well in these cases.
In some homologous series, particularly those characterized by parent compounds melting above 411 but below 500 K, we have found that the melting temperature of several members of the series may initially drop below 411.3 K. A limited amount of available data suggests that the melting temperature then gradually increases with increasing chain length. To avoid the problems associated with fitting these data with a hyperbolic function near (or below) its asymptotic value, we have used a value of 380 in place of 411.3 K for T f (∞). This is illustrated in Figure 6 for several different systems, including some series with parents melting above 500 K. The symbols represent experimental data, and the solid lines are those calculated by eq 6 using a value of 380 K for T f (∞). This equation successfully models the descending portion of the melting curve for available experimental data. For those series in which the melting temperature drops below 411.3 K, the ascending portion of the melting curve can in principle be modeled using eq 1. However, we have not been able to locate sufficient experimental data in these systems to verify this behavior. The value of 380 K was chosen for T f (∞) on the basis that this value gave a good fit to all available data exhibiting descending hyperbolic behavior. Some series with parent compounds melting near 411.3 K may have members in the series melting below 380 K and may require the use of other values for T f (∞).
The series in Figure 6 include melting of the odd series of the n-alkoxybenzoic acids, the 6-n-alkoxy-2-naphthoic acids, and the 4-n-alkoxy-3-fluorobenzoic acids and the even series of 8-alkyltheophyllines. The melting temperatures of these compounds decrease with increasing chain length and appear to approach the melting of polyethylene. The melting temperatures of the 4-n-alkoxy-3-fluorobenzoic acids initially drop slightly below 411.3 K, but the melting temperature then begins to rise again with an increase in chain length.
As observed with previous series, melting of the parent compounds in many of these series also shows some deviation from the value predicted by eq 6. The melting temperatures of the parent and the second member of each series were not included in generating the correlations listed in Table 2 . Equation 6 has been modified in a fashion similar to that for eq 1. This resulted in eqs 7 and 8. The function g(n) was modeled to reproduce the melting temperature of the parent and then decrease exponentially with increasing n. The series illustrated in Figure 6 and tabulated in Table 2 were calculated with the aid of eqs 7 and 8 except in a few cases where the function g(n) did not decay exponentially. In the latter case the melting temperature of the parent was not used. or where and A summary of the results obtained examining various series with parents melting above 411 K is given in Table  2 . The data are presented in the same format used in Table  1 . Melting temperatures were calculated for all compounds using a value of 380 K for T f (∞). A total of 113 compounds, excluding the parents of each series, were included in the correlations. The standard deviation of each fit and the number of data points used to establish the correlation in each series are given in the last two columns of Table 3 . The standard deviation between experimental and calculated melting points for the 113 compounds in the database was (2.6 K. 
The series listed in Table 2 differ from those in Table 1 in two significant ways. First, there is clearly far less experimental data available for each series. A second significant difference is that many of the compounds in some series form liquid crystals. Only the first few members of the series melt directly to the isotropic liquid state. Liquid crystalline behavior is frequently encountered as the size of the alkyl group increases. Most liquid crystals are characterized by several transition temperatures in going from solid to liquid (e.g. solid-smectic, smecticnematic, nematic-isotropic). Do normal melting temperatures correlate with any of these transitions? In the examples we have examined, the temperature at which the liquid crystal becomes isotropic correlates best with the other members of the series. This is illustrated in Figure  7 for several trans-4-n-alkoxy-3-chlorocinnamic acids. 20 The first three members of this series melt directly to the isotropic liquid. The remaining compounds exhibit various transitions. In this case it is the nematic to isotropic transition that correlates best with the normal melting temperatures. This behavior is typical of most of the series examined thus far with members forming liquid crystals.
According to the model proposed above, as the size of the alkyl chain increases, the melting behavior of any molecule should gradually approach the melting temperature of polyethylene. What influence does the size of the molecule have on the temperature at which melting becomes dominated by the alkyl side chain? Examination of the behavior of a series of thiocholesteryl alkanoates 21 suggests that, for large molecules, the side chain might also have to be quite large before it exerts a controlling influence over the melting temperature. Most, but not all, of the thiocholesteryl alkanoates form cholesteric phases. Transition temperatures to the isotropic liquid are shown in Figure 8 . In this case, the temperatures for both the odd and even series were modeled using the same parameters in eq 8. The first two members of the even and odd series were not used in the correlation; the melting of thiocholesterol propanoate was used to generate the g(n) term. A nonlinear least-squares fit to the experimental data suggests a value of 324 K for T f (∞). The parameters derived from this correlation are listed at the bottom of Table 2 . This temperature is considerably lower than the 380 K used to fit the series listed in Table 2 and may be a reflection of the effect of the size of the steroidal portion of the molecule. If the alkyl side chain is increased further, some point should be reached when the temperature will start to increase and begin to approach 411 K. Likewise, according to the model proposed, at some point the esters should no longer form cholesteric phases. The results obtained for these compounds are not included in any of the statistics reported below.
C. Modeling Melting Temperatures of Series Related to Other Polymers. In principle, eqs 1-8 should be capable of predicting the effect of chain length on melting of other linear molecules provided the melting temperature of the polymer is available. The amount of data we have been able to retrieve from the literature for oligomers related to other polymers is limited. Experimental melting temperature data for several oligomeric systems related to the following polymers have been retrieved:
, and poly(ethylene terephthalate) (T f (∞) ) 543.2 K). In all of these cases, the oligomers melt below the melting temperature of the polymer. Consequently, only eqs 4 and 5 have been used.
The results obtained with these polymers are listed in Table 3 . Data for nine different series related to five different polymers and comprising a total of 95 compounds were retrieved from the literature. The parameters generated are listed in Table 3 . Melting of the even series of polyfluorinated compounds related to Teflon is shown as solid circles in Figure 9 . This figure also illustrates the results observed in the melting behavior of a series 1,ω-dihydroxyethyl ethers related to polyoxyethylene and -aminocaproic acids related to Nylon-6. Excluding the parents, the melting temperatures of the 95 oligomers correlated by the parameters listed in Table 3 were reproduced with a standard deviation of (5.7 K. D. Statistical Summary. The melting temperatures of a total of 1045 compounds were correlated using the parameters reported in Tables 1-3 . This resulted in a standard deviation of (5.8 K, overall. This excludes parent compounds used in conjunction with eqs 4-8, and the cholesteric esters. A standard deviation of (21 K was associated with the cycloalkanes. Excluding these compounds from consideration reduces the standard deviation to (4.1 K for 1004 compounds.
Estimating Melting Temperatures of Homologous Series
The correlations observed in Tables 1-3 using eqs 1-8 suggest a simple protocol that can be followed whenever the melting temperatures of a few members of a series are available. To test how well such a protocol would reproduce the melting temperatures of the 1004 compounds of this study, we chose three compounds from each of these series and used their melting temperatures to predict the values for the remaining members of the series. The three members of each even and odd series were chosen using the following guidelines. The first two members of each homologous series were excluded. For those compounds with parents that melted below the melting of the related polymer, representatives were chosen whenever possible that melted at 300 K and above. Consecutive members of a series were chosen when available. The equation of the line was obtained from a linear regression analysis of 1/[1 -T f (n)/T f (∞)] versus n using these three points. The melting temperature of the parent was then used to adjust the melting temperatures of the remaining members of each series according to eqs 3 and 4. This protocol used a total of four data points from each series to predict the remaining melting values of the series. Cyclic hydrocarbons were not included. Oligomers were selected in a similar fashion. The melting temperature of each respective polymer was used for T f (∞) in eqs 3 and 4.
A similar protocol was used to predict the melting behavior of those hydrocarbon derivatives with parent compounds melting above the melting temperature of polyethylene. The first two members of each series were excluded from selection of the data points used to establish the linear correlation. Consecutive members were chosen when possible. A total of four points, including the melting of the parent, were used to establish each correlation. A value of 380 K was used for T f (∞) in eqs 6 and 7.
This protocol was selected for several reasons. First, it takes advantage of the melting trends observed in this study. Melting temperatures above 300 K are also more likely to be available in the literature, as are homologous series with repeating units that vary in consecutive fashion; the latter are also most likely to produce the largest uncertainty in the two parameters m and b. In these estimations, a linear regression analysis was used to evaluate m and b. The values were evaluated from plots of n versus either 1
depending on the melting point behavior of the series. A linear regression analysis provides both a visual and numerical assessment of the linearity of the data, and this can be an advantage in assessing the quality of the estimation. In a few cases, the three points plotted were severely nonlinear; a different third experimental data point was chosen in these cases. Since the temperatures chosen are usually far removed from the asymptotic limit, very little numerical differences are observed between the linear and nonlinear least-squares methods. These guidelines should provide a realistic assessment of the error associated when applying these estimations to systems with a limited amount of available experimental data.
The results of these calculations are summarized in Figure 10 . The correlation coefficient (r 2 ), slope, and intercept of the line generated by the data were given as
The standard deviation associated with this protocol was (6.6 K for 995 compounds using the melting temperatures of a total of 381 compounds to generate the appropriate slopes and intercepts. Three of the series listed in Table 2 were evaluated on the basis of only three points and were not included in this study. The histogram shown in Figure  11 illustrates the error associated with using this protocol.
While it may be desirable to use experimental melting data in establishing a correlation within a series, it may also be possible to use existing parameters such as some of those listed in Tables 1-3 to predict melting in related series where no experimental data are available. Ubbelo- T f,calc ) (1.01 ( 0.003)T f,exp -(3.31 ( 6.6); r 2 ) 0.9926 hde 21 has previously shown that, for a series of isomeric n-heptadecanones and isomeric n-octadecanones, the melting temperatures of each respective isomer were usually within a few degrees of each other with the following exceptions. Symmetrical di-n-octyl ketone and the methyl ketones exhibited higher melting temperatures than their isomeric counterparts: in this case about 10 K. Correlation equations derived to predict the melting behavior of odd and even 4-alkanones could be used to predict the melting of 4-n-heptadecanone and 4-n-octadecanone. These equations could also be used to evaluate the melting temperatures of all other odd and even unsymmetrical aliphatic ketones with more than nine carbon atoms in which the carbonyl group was located at an internal position in the molecule. While such a possibility needs further testing, if these observations are general, it should be possible to develop appropriate correlation equations based on only a few data points that can be universally applied to predict the melting behavior of other related homologous series.
Discussion
The correlations observed in this study suggest that the melting temperatures of homologous series can be predicted. A few simple mathematical relationships serve to provide a quantitative measure of the melting behavior of molecules of any homologous series characterized by the same symmetry number. The results clearly demonstrate that melting temperature is not a group property. Furthermore, although the primary focus thus far has been on the modeling melting behavior, the results also provide some insight into some of the fundamental factors that govern this behavior. Reference has already been made to the importance of crystal packing. Additionally, the hyperbolic behavior observed can be understood from a phenomenological perspective by the following thermodynamic considerations.
The melting temperature is the point at which the increase in the population of states associated with the available degrees of freedom is sufficient to overcome the attractive forces between molecules in the crystal. The total phase change entropy associated in going from a rigid solid to an isotropic liquid upon melting (i.e. the sum of all the entropy changes associated with phase changes), ∆ tpce S, has been shown to be a group property. 22 As a group property, ∆ tpce S can be expressed in terms of eq 9, where A s is the contribution of the repeating group, n refers to the number of such groups, and B refers to the sum of the contributions of the remaining portions of the molecule. For the n-alkane and dialkylarsinic acid series, eq 9 can be rewritten in the form of eqs 10 and 11, respectively.
The use of group values evaluated for the analogous total phase change enthalpy (i.e. the total enthalpy change associated in going from a rigid solid at 0 K to the isotropic liquid at the melting temperature, ∆ tpce H), is more problematic. Group values for total phase change enthalpy are not always transferable from one series to another. Total phase change enthalpies can even decrease within a series. 22 However, group values often do seem to work moderately well within some homologous series. A plot of experimental ∆ tpce H versus the number of consecutive methylene groups, n, using the n-alkanes and di-n-alkylarsinic acids as examples, results in the following relationships:
The fusion temperature can be evaluated from Gibbs equation as the ratio of the enthalpy to the entropy change associated with melting. In this case, using total phase change properties works best: expressing phase change enthalpy and entropy in terms of expressions that emphasize their group properties, eq 14, performing the necessary division, and factoring the quotient results in eq 15. The terms A and B refer to the slope and intercept of each respective empirical correlation, and the subscripts H and S serve to identify the enthalpic and entropic terms, respectively, while n refers to the number of consecutive repeat units in the series.
Equation 15 expresses the melting temperature in terms of a series of sums and differences of the ratios of slopes and intercepts of each respective group relationship. The hyperbolic dependence of temperature on the number of repeat groups, n, is easily demonstrated by this equation. As the number of repeat units increases, the bracketed terms on the right approach one and the melting temperature asymptotically approaches the ratio A H /A S . For the n-alkanes and di-n-alkylarsinic acids, the ratio according to the values of A H and A S in eqs 9-12 is 405 and 360 K, respectively. Depending on the relative magnitudes of the 
slopes and intercepts, eq 13 can behave either as an ascending or descending hyperbolic function. This is illustrated in Figure 12 using the ratio of eqs 12 to 10 and 13 to 11.
Summary
The correlations observed in this study suggest that the melting of homologous series can be predicted successfully.
The results observed clearly demonstrate that melting temperature is not a group property. Even materials exhibiting liquid crystal behavior appear to be modeled successfully, provided the appropriate transitions are correlated. While this work has focused on predicting melting as a function of size and less on uncovering the fundamental factors governing melting behavior, the results do provide some insight and guidance. The simplicity of the mathematics used to model this behavior is encouraging, suggesting similar features in the theoretical factors governing this property. All of the systems examined, including those forming liquid crystals, involve rod shaped molecules. The correlations observed appear to be a consequence of comparing series of related molecules likely to pack similarly in a crystal lattice. The anomalous behavior observed for the parent and the first few members of a series may also be a consequence of this factor. Packing in these molecules is most likely to be influenced by the nature of the "functional group". As the number of repeat units increases, however, this influence is attenuated and in the limit approaches the melting behavior of the polymer the series resembles. Figure 12 . Melting point behavior of the even n-alkanes and the dialkylarsinic acids of formula [CH3(CH2)n]2AsOH when calculated as a ratio of the total phase change enthalpy to the total phase change entropy. Both properties were estimated by group additivity.
